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INFORMATION PROVIDING SYSTEM,
SERVER, AND INFORMATION PROVIDING
METHOD

This nonprovisional application is based on Japanese
Patent Application No. 2017-212083 filed on Nov. 1, 2017,
with the Japan Patent Office, the entire contents of which are
hereby incorporated by reference.

BACKGROUND

Field

The present disclosure relates to system and method for
providing information to an electrically powered vehicle, as
well as a server used therefor.

Description of the Background Art

Japanese Patent Laying-Open No. 2013-130963 discloses
a charging system that provides a service for aiding to
charge an electrically powered vehicle that needs to be
charged. This charging system includes a server and a
plurality of electrically powered vehicles. The server verifies
information of a power-receiving requesting vehicle having
requested charging against information of vehicles capable
of supplying power and having transmitted indications that
they are capable of supplying power to another vehicle,
selects a power-supplying performing vehicle that satisfies a
required condition from the vehicles capable of supplying
power, and provides information of the selected power-
supplying performing vehicle to the power-receiving
requesting vehicle.

SUMMARY

However, in the charging system disclosed in Japanese
Patent Laying-Open No. 2013-130963, each of users of the
power-supplying performing vehicle and the power-receiv-
ing requesting vehicle is unable to know an appropriate
power amount to be exchanged between the vehicles. For
example, if the power-supplying vehicle supplies too a large
amount of power to the power-receiving vehicle, then the
power-supplying vehicle can travel a shorter distance, with
the result that the power-supplying vehicle may be unable to
reach a destination. On the other hand, if the power-receiv-
ing vehicle receives too a small amount of power from the
power-supplying vehicle, the power-receiving vehicle may
be unable to reach a next destination (for example, a
charging station or the like).

Further, in the charging system disclosed in Japanese
Patent Laying-Open No. 2013-130963, the user of each
vehicle is unable to know at which location it is appropriate
to set a gathering location where the vehicles will be
gathered. If the gathering location is not appropriate, a
mismatch in power amount may arise due to both the
vehicles moving to the gathering location.

The present disclosure has been made to solve the above-
described problems, and has an object to notify, to respective
users of a power-supplying vehicle and a power-receiving
vehicle, a gathering location by which a mismatch in power
amount between the power-supplying vehicle and the
power-receiving vehicle can be suppressed.

(1) An information providing system according to the
present disclosure includes: a server; a plurality of power-
supplying vehicles configured to transmit respective pieces
of first information to the server, the respective pieces of first
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2

information indicating respective current locations and
respective possible power-supplying amounts of the plural-
ity of power-supplying vehicles; and a plurality of power-
receiving vehicles configured to transmit respective pieces
of second information to the server, the respective pieces of
second information indicating respective current locations
and respective requested power-receiving amounts of the
plurality of power-receiving vehicles. The server is config-
ured to perform a matching process for matching at least one
of the plurality of power-supplying vehicles and at least one
of' the plurality of power-receiving vehicles using the respec-
tive pieces of first information and the respective pieces of
second information and for determining a gathering location
of the matched vehicles. The server is configured to transmit
information indicating the determined gathering location to
the matched vehicles.

According to the above-described configuration, the
server determines the vehicles to be matched and the gath-
ering location thereof in consideration of the current location
and possible power-supplying amount (first information) of
the power-supplying vehicle and the current location and
requested power-receiving amount (second information) of
the power-receiving vehicle. Accordingly, the server can
determine, as the gathering location, a location by which a
mismatch in power amount between the matched vehicles
can be suppressed. Then, the server transmits the determined
gathering location to the matched vehicles. Accordingly, the
users of both the vehicles can be notified of the gathering
location by which the mismatch in power amount between
the power-supplying vehicle and the power-receiving
vehicle can be suppressed.

(2) In a certain embodiment, in the matching process, the
server is configured to: set at least one of the plurality of
power-supplying vehicles as a candidate power-supplying
vehicle, and set at least one of the plurality of power-
receiving vehicles as a candidate power-receiving vehicle;
and set a candidate gathering location of the candidate
power-supplying vehicle and the candidate power-receiving
vehicle using a current location of the candidate power-
supplying vehicle, a current location of the candidate power-
receiving vehicle, and map information. Further, the server
is configured to determine whether to match the candidate
power-supplying vehicle and the candidate power-receiving
vehicle, using: a value obtained by subtracting a power
amount required by the candidate power-supplying vehicle
to move to the candidate gathering location from a possible
power-supplying amount of the candidate power-supplying
vehicle; and a value obtained by adding a power amount
required by the candidate power-receiving vehicle to move
to the candidate gathering location to a requested power-
receiving amount of the candidate power-receiving vehicle.

According to the above-described configuration, in the
matching process, the server can determine whether to
match the candidate power-supplying vehicle and the can-
didate power-receiving vehicle, in consideration of the
power amount required by the candidate power-supplying
vehicle to move to the candidate gathering location and the
power amount required by the candidate power-receiving
vehicle to move to the candidate gathering location. Hence,
the mismatch in power amount can be suppressed appropri-
ately from arising due to both the matched vehicles moving
to the gathering location.

(3) In a certain embodiment, each of the plurality of
power-supplying vehicles and the plurality of power-receiv-
ing vehicles includes a power storage device. Each power-
supplying vehicle is configured to transmit, to the server as
the possible power-supplying amount, a value obtained by
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subtracting a power amount required to move from a current
location of the power-supplying vehicle to a target location
from a stored power amount of the power storage device of
the power-supplying vehicle. Each power-receiving vehicle
is configured to transmit, to the server as the requested
power-receiving amount, a value obtained by subtracting a
stored power amount of the power storage device of the
power-receiving vehicle from a power amount required to
move from a current location of the power-receiving vehicle
to a target location.

According to the above-described configuration, in the
matching process, the server can determine whether to
match the candidate power-supplying vehicle and the can-
didate power-receiving vehicle in consideration of the power
amount required by the power-supplying vehicle to move to
the target location and the power amount required by the
power-receiving vehicle to move to the target location.
Accordingly, after exchanging power between the matched
vehicles, respective power amounts required by the vehicles
to move to respective target locations can be appropriately
secured.

(4) In a certain embodiment, each of the plurality of
power-supplying vehicles and the plurality of power-receiv-
ing vehicles is configured to transmit to the server an
automated driving flag indicating whether or not automated
driving is being performed. In the matching process, the
server is configured to include, as a subject of the matching
process, a vehicle determined to be performing automated
driving in accordance with a corresponding automated driv-
ing flag.

According to the above-described configuration, the
server can perform the matching process in consideration of
whether or not each vehicle is performing automated driv-
ing.

(5) In a certain embodiment, in the matching process, the
server is configured to match a power-receiving vehicle not
determined to be performing automated driving in accor-
dance with a corresponding automated driving flag, and a
power-supplying vehicle determined to be performing auto-
mated driving in accordance with a corresponding auto-
mated driving flag.

According to the above-described configuration, the
server can match the candidate power-supplying vehicle that
is performing automated driving and that has a larger degree
of freedom in operation, to the power-receiving vehicle that
is being driven by the user and that has a smaller degree of
freedom in operation.

(6) A server according to the present disclosure is con-
figured to communicate with a plurality of power-supplying
vehicles and a plurality of power-receiving vehicles. The
server includes: a communicator configured to obtain
respective pieces of first information from the plurality of
power-supplying vehicles and obtain respective pieces of
second information from the plurality of power-receiving
vehicles, the respective pieces of first information indicating
respective current locations and respective possible power-
supplying amounts of the plurality of power-supplying
vehicles, the respective pieces of second information indi-
cating respective current locations and respective requested
power-receiving amounts of the plurality of power-receiving
vehicles; and a controller connected to the communicator.
The controller is configured to: perform a matching process
for matching at least one of the plurality of power-supplying
vehicles and at least one of the plurality of power-receiving
vehicles using the respective pieces of first information and
the respective pieces of second information and for deter-
mining a gathering location of the matched vehicles; and
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4

transmit information indicating the determined gathering
location to the matched vehicles.

(7) An information providing method according to the
present disclosure is an information providing method per-
formed by an information providing system including a
plurality of power-supplying vehicles, a plurality of power-
receiving vehicles, and a server configured to communicate
with the plurality of power-supplying vehicles and the
plurality of power-receiving vehicles. The information pro-
viding method includes: obtaining respective pieces of first
information from the plurality of power-supplying vehicles,
the respective pieces of first information indicating respec-
tive current locations and respective possible power-supply-
ing amounts of the plurality of power-supplying vehicles;
obtaining respective pieces of second information from the
plurality of power-receiving vehicles, the respective pieces
of second information indicating respective current loca-
tions and respective requested power-receiving amounts of
the plurality of power-receiving vehicles; performing a
matching process for matching at least one of the plurality
of power-supplying vehicles and at least one of the plurality
of power-receiving vehicles using the respective pieces of
first information and the respective pieces of second infor-
mation and for determining a gathering location of the
matched vehicles; and transmitting information indicating
the determined gathering location to the matched vehicles.

The foregoing and other objects, features, aspects and
advantages of the present disclosure will become more
apparent from the following detailed description of the
present disclosure when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically shows an entire configuration of an
information providing system.

FIG. 2 is a first diagram showing an exemplary configu-
ration of a vehicle.

FIG. 3 illustrates inter-vehicle charging.

FIG. 4 is a block diagram showing a configuration in
relation with a navigation device in the vehicle.

FIG. 5 is a block diagram showing a configuration of a
server.

FIG. 6 is a first sequence diagram showing an exemplary
process performed among a power-receiving requesting
vehicle, the server, and a power-supplying permitted
vehicle.

FIG. 7 is a first flowchart showing an exemplary detailed
procedure of a process in which the power-supplying per-
mitted vehicle transmits power-supplying permission infor-
mation to the server.

FIG. 8 is a first flowchart showing an exemplary detailed
procedure of a process in which the power-receiving
requesting vehicle transmits power-receiving request infor-
mation to the server.

FIG. 9 is a first flowchart showing an exemplary detailed
procedure of a matching process performed by the server.

FIG. 10 illustrates an exemplary method of setting a
candidate power-supplying vehicle.

FIG. 11 is a second diagram showing an exemplary
configuration of the vehicle.

FIG. 12 is a second sequence diagram showing an exem-
plary process performed among the power-receiving
requesting vehicle, the server, and the power-supplying
permitted vehicle.
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FIG. 13 is a second flowchart showing an exemplary
detailed procedure of a process in which the power-supply-
ing permitted vehicle transmits power-supplying permission
information to the server.

FIG. 14 is a second flowchart showing an exemplary
detailed procedure of a process in which the power-receiv-
ing requesting vehicle transmits power-receiving request
information to the server.

FIG. 15 is a second flowchart showing an exemplary
detailed procedure of a matching process performed by the
server.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The following describes embodiments of the present
disclosure with reference to figures in detail. It should be
noted that the same or corresponding portions are given the
same reference characters and are not described repeatedly.

First Embodiment

<System Configuration>

FIG. 1 schematically shows an entire configuration of an
information providing system 10 according to the present
embodiment. Information providing system 10 includes a
plurality of electrically powered vehicles (hereinafter, also
simply referred to as “vehicles™) 100, and a server 300. Each
vehicle 100 and server 300 are configured to communicate
with each other via a communication network 400 such as
the Internet or a telephone network. It should be noted that
each vehicle 100 is configured to send and receive informa-
tion to and from a base station 410 of communication
network 400 through wireless communication.

As described below with reference to FIG. 2, vehicle 100
is an electric vehicle (EV) configured to generate driving
power for traveling using electric power from a power
storage device mounted thereon and to permit charging of
the power storage device using electric power supplied from
a power supply external to the vehicle.

Server 300 communicates with vehicle 100 and provides
vehicle 100 with information about other vehicles.

FIG. 2 shows an exemplary configuration of vehicle 100.
Vehicle 100 includes a power storage device 110, a PCU 120
serving as a driving device, a motor generator 130, a power
transmitting gear 135, driving wheels 140, a vehicle ECU
(Electronic Control Unit) 150, and a navigation device 170.

In vehicle 100, power storage device 110 can be charged
using power supplied from a charging station or commercial
power grid external to the vehicle. Moreover, vehicle 100
can output power of power storage device 110 to outside the
vehicle, and can perform “inter-vehicle charging”, which is
charging and discharging between vehicle 100 and another
vehicle.

FIG. 3 illustrates the inter-vehicle charging. For the
inter-vehicle charging, as shown in FIG. 3, a vehicle 100
(hereinafter, also referred to as “power-receiving vehicle
100A”) to receive power and a vehicle 100 (hereinafter, also
referred to as “power-supplying vehicle 100B”) to supply
power are connected to each other via a charging cable 500.
Then, power is discharged from a power storage device
110B of power-supplying vehicle 100B to charge a power
storage device 110A of power-receiving vehicle 100A.

Turning back to FIG. 2, power storage device 110 is
configured to be charged and discharged. Power storage
device 110 is configured to include a secondary battery such
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as a lithium ion battery or a nickel-hydrogen battery, or
include a power storage element such as an electric double
layer capacitor, for example.

Power storage device 110 supplies electric power to PCU
120 so as to generate driving power of vehicle 100. Further,
power storage device 110 stores electric power generated by
motor generator 130. Power storage device 110 outputs, to
vehicle ECU 150, detection values of voltage and current of
power storage device 110 detected by a sensor not shown in
the figure.

PCU 120 is configured to include power converting
devices such as a converter and an inverter, which are not
shown in the figure. Each of the converter and the inverter
is controlled by a control signal from vehicle ECU 150 to
convert DC power from power storage device 110 into AC
power for driving motor generator 130.

Motor generator 130 is an alternating-current rotating
electrical machine, such as a permanent-magnet type syn-
chronous motor including a rotor having a permanent mag-
net embedded therein. Output torque of motor generator 130
is transmitted to driving wheels 140 via power transmitting
gear 135 to travel vehicle 100. Motor generator 130 is
capable of generating electric power using rotation power of
driving wheels 140 when vehicle 100 operates for regen-
erative braking. The electric power thus generated is con-
verted by PCU 120 into charging power for power storage
device 110.

Although not shown in FIG. 2, vehicle ECU 150 includes
a CPU (Central Processing Unit), a storage device, and an
input/output buffer, so as to receive signals from sensors,
send control signals to devices, and control vehicle 100 and
the devices. It should be noted that they can be controlled by
not only a process performed by software but also a process
performed by dedicated hardware (electronic circuit) con-
structed therefor.

As a configuration for charging and discharging power
storage device 110, vehicle 100 further includes a bidirec-
tional power converting device 160, a communicator 180,
and an inlet 190. A charging connector 510 of charging cable
500 is connected to inlet 190. Via charging cable 500, power
supplied from another vehicle is transferred to vehicle 100.

Bidirectional power converting device 160 is connected
between power storage device 110 and inlet 190. Bidirec-
tional power converting device 160 is controlled by a control
signal from vehicle ECU 150 to convert power supplied
from another vehicle or the like into power with which
power storage device 110 can be charged.

Moreover, bidirectional power converting device 160 con-
verts power from power storage device 110 into power that
can be output to outside the vehicle.

Communicator 180 is an interface for communication
between vehicle ECU 150 and server 300 external to the
vehicle or another vehicle. As described above, communi-
cator 180 is configured to communicate with server 300 via
communication network 400.

FIG. 4 is a block diagram showing a configuration in
relation with navigation device 170 in vehicle 100. Naviga-
tion device 170 includes an input interface 172, a display
174, a storage 176, and a location detector 178 as shown in
FIG. 4. Navigation device 170 uses map information stored
in storage 176 and location information of vehicle 100
detected by GPS (Global Positioning System) of location
detector 178, so as to present the current location of vehicle
100 on a map for the user and provide a navigation to a
destination.

Display 174 is constructed of, for example, a liquid
crystal panel and presents the current location of vehicle 100



US 11,051,145 B2

7

or various information from vehicle ECU 150. Input inter-
face 172 is constructed of a touch panel, a switch, or the like,
and receives an operation by the user.

FIG. 5 is a block diagram showing a configuration of
server 300. Server 300 includes a controller 310, a storage
320, and a communicator 330.

Communicator 330 is an interface for communication
with vehicle 100 via communication network 400. In storage
320, the map information and the information (location
information or the like) received from vehicle 100 are
stored.

Based on the information received from vehicle 100 by
communicator 330 and the information stored in storage
320, controller 310 perform a matching process for vehicles
that are to perform inter-vehicle charging as described
below.

<Matching of Vehicles that are to Perform Inter-Vehicle
Charging>

As described above, vehicle 100 can perform inter-ve-
hicle charging, which is charging and discharging between
vehicle 100 and another vehicle. Therefore, when a vehicle
100 (hereinafter, also referred to as “power-receiving
requesting vehicle) having a power storage device 110 with
a small remaining power amount and requesting reception of
power from another vehicle can be matched to a vehicle 100
(hereinafter, also referred to as “power-supplying permitted
vehicle”) having a power storage device 110 with a large
remaining power amount and permitted to supply power to
another vehicle, electric energy stored in each vehicle 100
can be utilized effectively.

However, users of the vehicles do not known an appro-
priate power amount to be exchanged between the vehicles.
For example, if the power-supplying permitted vehicle sup-
plies too a large amount of power to the power-receiving
requesting vehicle, then the power-supplying permitted
vehicle can travel a shorter distance, with the result that the
power-supplying permitted vehicle may be unable to reach
a destination. On the other hand, if the power-receiving
requesting vehicle receives too a small amount of power
from the power-supplying permitted vehicle, the power-
receiving vehicle may be unable to reach a next destination
(for example, a charging station or the like).

Further, the users of the vehicles do not know where to set
a location at which the vehicles will be gathered for the
inter-vehicle charging. Power is consumed to move both the
vehicles to the gathering location. Hence, if the gathering
location is determined without consideration of a power
amount required to move to the gathering location, a mis-
match in power amount may arise due to the both vehicles
moving to the gathering location. If such a mismatch arises,
not only the inter-vehicle charging cannot be performed but
also the power utilized by each of the vehicles to move to the
gathering location is wasted.

In view of the above, information providing system 10
according to the first embodiment provides a service for:
matching a power-supplying permitted vehicle and a power-
receiving requesting vehicle on a map such that a power
amount that can be supplied by the power-supplying per-
mitted vehicle is substantially the same as a power amount
requested by the power-receiving requesting vehicle; and
notifying the content of the matching to each of the vehicles.
Hereinafter, details of this service will be described.

FIG. 6 is a sequence diagram showing an exemplary
process among a power-receiving requesting vehicle (more
specifically, vehicle ECU 150 of the power-receiving
requesting vehicle), server 300 (more specifically, controller
310 of server 300), and a power-supplying permitted vehicle
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(more specifically, vehicle ECU 150 of the power-supplying
permitted vehicle) included in information providing system
10. It should be noted that for simplicity of explanation, FIG.
6 illustrates one power-receiving requesting vehicle and one
power-supplying permitted vehicle; however, there may be
actually a plurality of power-receiving requesting vehicles
and a plurality of power-supplying permitted vehicles.

When it is permitted in the power-supplying permitted
vehicle to supply power to another vehicle, the power-
supplying permitted vehicle transmits power-supplying per-
mission information to server 300 (step S10). The power-
supplying permission information includes information such
as a vehicle ID for specifying the power-supplying permitted
vehicle, a current location Pf of the power-supplying per-
mitted vehicle, and a power amount (hereinafter, also
referred to as “possible power-supplying amount”) Eout that
can be supplied. Server 300 stores, into storage 320, the
power-supplying permission information received from the
power-supplying permitted vehicle (step S50).

FIG. 7 is a flowchart showing an exemplary detailed
procedure of the process (step S10 of FIG. 6) in which the
power-supplying permitted vehicle transmits the power-
supplying permission information to server 300.

The power-supplying permitted vehicle determines
whether or not it is permitted by the user to supply power to
another vehicle (step S11). When it is not permitted to
supply power to another vehicle (NO in step S11), the
power-supplying permitted vehicle skips subsequent pro-
cesses and brings the process to return.

When it is permitted to supply power to another vehicle
(YES in step S11), the power-supplying permitted vehicle
specifies current location Pf of the power-supplying permit-
ted vehicle using GPS of location detector 178 (step S12).

Next, the power-supplying permitted vehicle calculates
possible power-supplying amount Eout (step S13). In the
present embodiment, the power-supplying permitted vehicle
employs a known method to calculate a required power
amount that is required to move from current location Pf to
a target location, and calculates, as possible power-supply-
ing amount Eout, a value obtained by subtracting the cal-
culated required power amount from a power amount (re-
maining power amount) stored in power storage device 110.
When the user has designated a destination, the “target
location” used in calculating the required power amount is
set at the destination, for example. When the user has not
designated a destination, the “target location™ is set at a
predetermined location (for example, the user’s home or the
like). It should be noted that there may be provided a
function of allowing the user to adjust the calculated pos-
sible power-supplying amount Eout.

Next, the power-supplying permitted vehicle transmits, to
server 300, the power-supplying permission information
including the vehicle ID, current location Pf, and possible
power-supplying amount Eout (step S14).

Turning back to FIG. 6, in order to request to receive
power from another vehicle, the power-receiving requesting
vehicle transmits power-receiving request information to
server 300 (step S20). The power-receiving request infor-
mation includes information such as a vehicle ID for speci-
fying the power-receiving requesting vehicle, a current
location Pc of the power-receiving requesting vehicle, and a
power amount (hereinafter, also referred to as “requested
power-receiving amount”) Ereq requested to be received
from another vehicle.

FIG. 8 is a flowchart showing an exemplary detailed
procedure of the process (step S20 of FIG. 6) in which the
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power-receiving requesting vehicle transmits the power-
receiving request information to server 300.

The power-receiving requesting vehicle determines
whether or not a power-receiving requesting operation is
performed by the user (step S21). For example, when the
user of the power-receiving requesting vehicle determines
that the power amount will be insufficient, the user can input,
into input interface 172, an operation for starting inter-
vehicle charging service, thereby performing the power-
receiving requesting operation. When no power-receiving
requesting operation is performed (NO in step S21), the
power-receiving requesting vehicle returns the process to
step S21.

When a power-receiving requesting operation is per-
formed (YES in step S21), the power-receiving requesting
vehicle specifies current location Pc of the power-receiving
requesting vehicle using GPS of location detector 178 (step
S22).

Next, the power-receiving requesting vehicle calculates
requested power-receiving amount Ereq (step S23). For
example, the power-receiving requesting vehicle employs a
known method to calculate a required power amount that is
required to travel a distance from current location Pc to a
target location, and calculates, as requested power-receiving
amount Ereq, a value obtained by subtracting a power
amount (remaining power amount) stored in power storage
device 110 from the calculated required power amount.
When the user has designated a destination, the “target
location” used in calculating the required power amount is
set at the destination, for example. When the user has not
designated a destination, the “target location™ is set at a
predetermined location (for example, the user’s home or the
like). It should be noted that there may be provided a
function of allowing the user to adjust the calculated
requested power-receiving amount Ereq.

Next, the power-receiving requesting vehicle transmits, to
server 300, the power-receiving request information includ-
ing the vehicle ID, current location Pc, and requested
power-receiving amount Ereq (step S24).

Turning back to FIG. 6, when server 300 receives the
power-receiving request information from the power-receiv-
ing requesting vehicle, server 300 performs a process (here-
inafter, also simply referred to as “matching process™) for
setting the power-receiving requesting vehicle as a candidate
power-receiving vehicle and setting a candidate power-
supplying vehicle suitable for the candidate power-receiving
vehicle so as to match the vehicles (step S100).

It should be noted that for simplicity of explanation, the
following describes a case where one candidate power-
receiving vehicle and one candidate power-supplying
vehicle are matched through the matching process; however,
a combination of vehicles to be matched is not limited to
this. For example, two or more candidate power-supplying
vehicles may be matched to one candidate power-receiving
vehicle.

In the matching process, based on the power-receiving
request information received from the candidate power-
receiving vehicle and the respective pieces of stored infor-
mation of a plurality of power-supplying permitted vehicles
in storage 320, server 300 sets a vehicle suitable to supply
power to the candidate power-receiving vehicle, from the
plurality of power-supplying permitted vehicles, and sets the
vehicle as a candidate power-supplying vehicle. Then, using
each current location of the candidate power-receiving
vehicle and the candidate power-supplying vehicle and the
map information stored in storage 320, server 300 sets a
candidate (hereinafter, also referred to as “candidate gath-
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ering location”) of a location at which the candidate power-
receiving vehicle and the candidate power-supplying vehicle
will be gathered to perform inter-vehicle charging. Then,
server 300 makes an inquiry to the set candidate power-
supplying vehicle as to whether to approve the matching.
The candidate power-supplying vehicle having received this
inquiry makes a response to server 300 as to whether to
approve the matching (step S15).

When server 300 receives, from the candidate power-
supplying vehicle, a response indicating that the matching is
approved, the matching of the candidate power-supplying
vehicle and the candidate power-receiving vehicle is con-
firmed. Then, server 300 notifies, to the matched vehicles,
the respective pieces of information of the matched vehicles
and the gathering location.

The candidate power-receiving vehicle having received
the notification from server 300 causes the content of the
received notification to be presented on display 174 (step
S26). Similarly, the power-supplying permitted vehicle hav-
ing received the notification from server 300 causes the
content of the received notification to be presented on
display 174 (step S16). Accordingly, the user of each vehicle
can check the matched counterpart vehicle and the gathering
location.

FIG. 9 is a flowchart showing an exemplary detailed
procedure of the matching process (step S100 of FIG. 6)
performed by server 300. Server 300 is triggered to start the
process of this flowchart by receiving the power-receiving
request information from the power-receiving requesting
vehicle.

First, server 300 sets, as a candidate power-receiving
vehicle, the power-receiving requesting vehicle specified by
the power-receiving request information (S110).

Next, server 300 performs a process for setting a candi-
date power-supplying vehicle, based on the power-receiving
request information received from the candidate power-
receiving vehicle and respective pieces of stored power-
supplying permission information of a plurality of power-
supplying permitted vehicles in storage 320 (step S111).

For example, server 300 sets, as the candidate power-
supplying vehicle, a power-supplying permitted vehicle
whose distance from the candidate power-receiving vehicle
is less than a threshold value Lth and whose possible
power-supplying amount Eout is the closest to requested
power-receiving amount Ereq of the candidate power-re-
ceiving vehicle.

FIG. 10 illustrates an exemplary method of setting a
candidate power-supplying vehicle. In a case shown in FIG.
10, it is illustratively shown that there are four power-
supplying permitted vehicles A to D in a range in which a
distance from the candidate power-receiving vehicle is less
than threshold value Lth. It should be noted that respective
distances 1.1, [.2, [.3, and L4 between power-supplying
permitted vehicles A to D and the candidate power-receiving
vehicle satisfy the following relation: L1<[.2<[.3<[.4<Lth.

A power difference between possible power-supplying
amount Eout of power-supplying permitted vehicle B and
requested power-receiving amount Ereq is “0”, which is the
smallest. A power difference between possible power-sup-
plying amount Eout of power-supplying permitted vehicle A
and requested power-receiving amount Ereq and a power
difference between possible power-supplying amount Eout
of power-supplying permitted vehicle C and requested
power-receiving amount Ereq are both “a” (a>0), which is
the next smallest to that of power-supplying permitted
vehicle B. A power difference between possible power-
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supplying amount Eout of power-supplying permitted
vehicle D and requested power-receiving amount FEreq is
“2a”, which is the largest.

As shown in FIG. 10, server 300 provides higher priori-
ties, in the order from the vehicle with the smallest power
difference, to the four power-supplying permitted vehicles A
to D existing in the range in which the distance from the
candidate power-receiving vehicle is less than threshold
value Lth. When the power differences are the same, higher
priorities are provided in the order from a vehicle having a
shorter distance from the candidate power-receiving vehicle.
In the case shown in FIG. 10, higher priorities are provided
in the order of power-supplying permitted vehicle B, power-
supplying permitted vehicle A, power-supplying permitted
vehicle C, and power-supplying permitted vehicle D.

Server 300 sets a candidate power-supplying vehicle in
accordance with the provided priorities. In the case shown in
FIG. 10, power-supplying permitted vehicle B having the
highest priority is set as the candidate power-supplying
vehicle. When matching to power-supplying permitted
vehicle B is not established, power-supplying permitted
vehicle A having the next highest priority is set as the
candidate power-supplying vehicle.

It should be noted that when matchings to all of the four
power-supplying permitted vehicles A to D are not estab-
lished, no candidate power-supplying vehicle is set. Also, no
candidate power-supplying vehicle is set when there is no
power-supplying permitted vehicle in the range in which the
distance from the candidate power-receiving vehicle is less
than threshold value Lth.

Turning back to FIG. 9, server 300 determines whether or
not a candidate power-supplying vehicle has been set by the
process of step S111 (step S112). When no candidate power-
supplying vehicle has been set (NO in step S112), server 300
notifies the candidate power-receiving vehicle that the
matching is not established (step S150).

On the other hand, when a candidate power-supplying
vehicle has been set (YES in step S112), server 300 sets a
candidate gathering location using current location Pc of the
candidate power-receiving vehicle, current location Pf of the
candidate power-supplying vehicle, and map information
stored in storage 320 (step S120).

When actually performing inter-vehicle charging, a space
to park the two vehicles with certain room is needed. Hence,
server 300 may make reference to the map information
stored in storage 320 to set, as the candidate gathering
location, a location different from the respective locations of
the candidate power-receiving vehicle and the candidate
power-supplying vehicle (for example, public parking areas
of a shopping center, a movie theater, and a theme park, and
the like).

When the candidate gathering location is set, server 300
corrects requested power-receiving amount Ereq of the
candidate power-receiving vehicle and possible power-sup-
plying amount Eout of the candidate power-supplying
vehicle in consideration of a power amount required by each
of the candidate power-receiving vehicle and the candidate
power-supplying vehicle to move to the candidate gathering
location (step S122). Specifically, server 300 estimates the
power amount required by the candidate power-supplying
vehicle to move to the candidate gathering location, and
employs, as corrected possible power-supplying amount
Eout, a value obtained by subtracting the estimated power
amount from possible power-supplying amount Eout. More-
over, server 300 estimates a power amount required by the
candidate power-receiving vehicle to move to the candidate
gathering location, and employs, as corrected requested
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power-receiving amount Ereq, a value obtained by adding
the estimated power amount to requested power-receiving
amount Ereq.

Next, server 300 determines whether or not corrected
requested power-receiving amount Ereq and corrected pos-
sible power-supplying amount Eout satisfy a matching
requirement (step S124). Specifically, it is determined
whether or not corrected possible power-supplying amount
Eout is larger than corrected requested power-receiving
amount Ereq and a difference therebetween (=|Eout-Ereql)
is less than a reference value.

When the matching requirement is not satisfied (NO in
step S124), server 300 returns the process to step S111 and
performs the process for setting a candidate power-supply-
ing vehicle again. On this occasion, server 300 sets a
power-supplying permitted vehicle having the next largest
priority as a candidate power-supplying vehicle, while
excluding the foregoing candidate power-supplying vehicle
determined as not satistying the matching requirement (see
FIG. 10).

When the matching requirement is satisfied (YES in step
S124), server 300 transmits information such as the infor-
mation of the candidate power-receiving vehicle and the
candidate gathering location to the candidate power-supply-
ing vehicle, so as to make an inquiry as to whether or not the
matching to the candidate power-receiving vehicle is
approved (step S126).

Next, server 300 determines whether or not a response
indicating that the matching is approved is received from the
candidate power-supplying vehicle (step S128).

When a response from the candidate power-supplying
vehicle is received to indicate that the matching is rejected
(NO in step S128), server 300 returns the process to step
S111 and performs the process for setting a candidate
power-supplying vehicle again. On this occasion, a power-
supplying permitted vehicle having the next largest priority
is set as a candidate power-supplying vehicle, while exclud-
ing the foregoing candidate power-supplying vehicle having
made the response indicating that the matching is rejected
(see FIG. 10).

When there is a response from the candidate power-
supplying vehicle to indicate that the matching is approved
(YES in step S128), server 300 confirms the matching of the
candidate power-receiving vehicle and the candidate power-
supplying vehicle (step S130). Specifically, the candidate
power-receiving vehicle and the candidate power-supplying
vehicle are confirmed as vehicles that are subjects of the
matching, and the candidate gathering location is confirmed
as a gathering location of the vehicles.

Then, server 300 notifies, to both the matched vehicles,
the respective pieces of information of the vehicles, the
gathering location, and the like (step S140).

As described above, in the matching process (see S110 to
S130 of FIG. 9), server 300 according to the present embodi-
ment determines vehicles to be matched and a gathering
location of the vehicles in consideration of current location
Pf and possible power-supplying amount Eout (power-sup-
plying permission information) of the candidate power-
supplying vehicle and current location Pc and requested
power-receiving amount Ereq (power-receiving request
information) of the candidate power-receiving vehicle.
Accordingly, the server can determine, as the gathering
location, a location by which a mismatch in power amount
between the matched vehicles can be suppressed. Further,
server 300 transmits the determined gathering location to the
matched vehicles (see step S140 of FIG. 9). Accordingly, the
users of both the vehicles can be notified of the gathering
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location by which the mismatch in power amount between
the power-supplying vehicle and the power-receiving
vehicle can be suppressed.

Particularly, in the matching process, server 300 accord-
ing to the present embodiment sets the candidate gathering
location for both the vehicles using current location Pf of the
candidate power-supplying vehicle, current location Pc of
the candidate power-receiving vehicle, and the map infor-
mation (step S120 of FIG. 9), and corrects requested power-
receiving amount Ereq and possible power-supplying
amount Eout in consideration of the required power amounts
required by both the vehicles to move to the candidate
gathering location (step S122 of FIG. 9). Moreover, in
consideration of corrected requested power-receiving
amount Ereq and possible power-supplying amount Eout,
server 300 determines whether to match the candidate
power-supplying vehicle and the candidate power-receiving
vehicle (step S124 of FIG. 9). Hence, the mismatch in power
amount can be suppressed appropriately from arising due to
the matched vehicles moving to the gathering location.

Further, the candidate power-supplying vehicle transmits,
to server 300 as possible power-supplying amount Eout, the
value obtained by subtracting the power amount required to
move from current location Pf of the candidate power-
supplying vehicle to the target location from the remaining
power amount (stored power amount) of power storage
device 110 of the candidate power-supplying vehicle. More-
over, the candidate power-receiving vehicle transmits, to
server 300 as requested power-receiving amount Ereq, the
value obtained by subtracting the remaining power amount
(stored power amount) of power storage device 110 of the
candidate power-receiving vehicle from the power amount
required to move from current location Pc of the candidate
power-receiving vehicle to the target location. Accordingly,
in the matching process, server 300 can determine whether
to match the candidate power-supplying vehicle and the
candidate power-receiving vehicle in consideration of the
power amount required by the candidate power-supplying
vehicle to move to the target location and the power amount
required by the power-receiving vehicle to move to the
target location of the power-receiving vehicle. Accordingly,
after exchanging power between the matched vehicles,
respective power amounts required by the vehicles to move
to the respective target locations can be appropriately
secured.

<Modification 1>

In the above-described first embodiment, it has been
illustratively described that each vehicle 100 is provided
with communicator 180 configured to be communicatively
connected to communication network 400 directly (see FIG.
4).

However, the communicative connection between each
vehicle 100 and communication network 400 may be made
using a mobile terminal held by the user of each vehicle 100.

FIG. 11 shows an exemplary configuration of a vehicle
100-1 according to a modification 1. Instead of communi-
cator 180 described above, this vehicle 100-1 includes a
short distance communicator 182 configured to make a short
distance communication with a mobile terminal such as a
smartphone 184. Smartphone 184 has a function of com-
municatively connecting to communication network 400
directly. Hence, via smartphone 184, vehicle 100-1 can
communicate with server 300 connected to communication
network 400.

In recent years, such short distance communicators 182
are mounted in many vehicles as standard specification.
Therefore, vehicle 100-1 can communicate with server 300
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via short distance communicator 182 and smartphone 184
without newly providing communicator 180 configured to
be communicatively connected to communication network
400 directly.

<Modification 2>

In the above-described first embodiment, it has been
illustratively described that the power-supplying vehicle is
an electric vehicle (EV) that travels using electric power.
However, the power-supplying vehicle may be a plug-in
hybrid vehicle that can travel using electric power as well as
fuel (such as gasoline) other than electric power.

When power-supplying vehicle 100B is a plug-in hybrid
vehicle and the user permits traveling mainly using fuel
(such as gasoline) instead of electric power, possible power-
supplying amount Eout can be set at a larger value.

When setting possible power-supplying amount Eout at a
value as large as possible, it is determined whether or not it
is possible to travel to the target location only using the fuel.
When it is possible to travel to the target location only using
the fuel, the remaining power amount of power storage
device 110 can be set as possible power-supplying amount
Eout without modification. On the other hand, when it is
impossible to travel to the target location only using the fuel,
a power amount corresponding to insufficiency in the
amount of fuel can be calculated, and a value obtained by
subtracting the calculated power amount from the remaining
power amount of power storage device 110 can be set as
possible power-supplying amount Eout.

<Modification 3>

In the above-described first embodiment, there may be
newly provided a process in which each user of the matched
vehicles evaluates the result of matching by server 300 and
the evaluation result is returned to server 300.

FIG. 12 is a sequence diagram showing an exemplary
process performed among a power-receiving requesting
vehicle, server 300, and a power-supplying permitted
vehicle included in an information providing system 10
according to a modification 3. The sequence diagram shown
in FIG. 12 is obtained by adding a process (step S27) for
evaluating the power-receiving requesting vehicle and a
process (step S17) for evaluating the power-supplying per-
mitted vehicle to the above-described sequence diagram
shown in FIG. 6.

After performing the process (step S26) for presenting the
content of the matching notification received from server
300 on display 174, the power-receiving requesting vehicle
(candidate power-receiving vehicle) receives an evaluation
of the user for the matching result, and transmits the
evaluation result to server 300 (step S27). Similarly, after
performing the process (step S16) for presenting the content
of the matching notification received from server 300 on
display 174, the power-supplying permitted vehicle (candi-
date power-supplying vehicle) receives an evaluation of the
user for the matching result, and transmits the evaluation
result to server 300 (step S17). Accordingly, server 300 can
perform a matching process based on the evaluation results
of the users in future.

Moreover, when the gathering location of the matched
vehicles is far away and the matching result cannot be
accepted due to time restriction or the like, the user of each
vehicle may transmit, to server 300, an indication that the
matching is rejected in, for example, the process (step S17,
S27) for inputting the evaluation of the user. When one of
the users rejects the matching, server 300 may perform the
matching process (step S100) again while excluding the
rejected matching content (matched counterpart vehicle;
gathering location).
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Moreover, server 300 may increase a successful matching
rate by relatively decreasing an evaluation of a vehicle
highly frequently rejected in matching such that the vehicle
is less likely to be a subject of matching. Moreover, there
may be provided a step in which the users of the vehicles
evaluate each other after being actually matched and per-
forming supply of power and charging between the vehicles.

<Modification 4>

In the above-described first embodiment, it has been
illustratively described that server 300 notifies the gathering
location to the matched vehicles.

However, the information transmitted by server 300 to the
matched vehicles is not limited only to the gathering loca-
tion. For example, in addition to the gathering location,
server 300 may transmit, to the matched vehicles, a distance
from each vehicle to the gathering location, a time required
by each vehicle to move to the gathering location, a gath-
ering time, possible power-supplying amount FEout,
requested power-receiving amount Ereq, information of the
counterpart matched vehicle (such as contact information,
vehicle type, and the like).

<Modification 5>

Although a reward for supply of power is not described in
particular in the above-described first embodiment, the user
of the power-supplying vehicle may obtain a reward from
the user of the power-receiving vehicle. In that case, a
condition for a rewarding fee may be added in a condition
of the matching. For example, the power-supplying permit-
ted vehicle may transmit, to server 300, a rewarding fee
desired for supply of power, the candidate power-receiving
vehicle may transmit a rewarding fee payable for reception
of power to server 300, and server 300 may perform the
matching process in consideration of these rewarding fees.

Second Embodiment

In the above-described first embodiment, it is assumed
that both the matched vehicles are vehicles that are being
driven by the users (hereinafter, also referred to as “user-
driven vehicle”).

However, the vehicles to be subjects of the matching may
include a vehicle that is performing automated driving in
absence of a driver (hereinafter, also referred to as “auto-
mated-driving vehicle”). For example, both the matched
vehicles may be automated-driving vehicles. Moreover, one
of'the matched vehicles may be a user-driven vehicle and the
other of the matched vehicles may be an automated-driving
vehicle.

Thus, when the automated-driving vehicle is included in
the vehicles to be subjects of the matching, each vehicle may
transmit, to server 300, a flag (hereinafter, also referred to as
“automated driving flag”) indicating whether or not auto-
mated driving is being performed. Accordingly, server 300
can perform the matching process in consideration of
whether or not each vehicle is performing automated driv-
ing.

For example, server 300 can match a power-supplying
vehicle that is performing automated driving to a power-
receiving vehicle that is being driven by a user. In this way,
the automated-driving vehicle, which has a larger degree of
freedom in operation, can be dispatched to supply power to
the user-driven vehicle, which has a smaller degree of
freedom in operation.

FIG. 13 is a flowchart showing an exemplary detailed
procedure of a process in which a power-supplying permit-
ted vehicle according to a second embodiment transmits
power-supplying permission information to server 300. This
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flowchart is obtained by changing step S14 of the flowchart
of FIG. 7 to a step S14A. The other steps (steps given the
same numerals as those of the steps in FIG. 7) have been
already described and therefore will not be described repeat-
edly here in detail.

The power-supplying permitted vehicle transmits, to
server 300, the power-supplying permission information
including the automated driving flag in addition to the
vehicle ID, current location Pf, and possible power-supply-
ing amount Eout of the power-supplying permitted vehicle
(step S14A).

FIG. 14 is a flowchart showing an exemplary detailed
procedure of a process in which a power-receiving request-
ing vehicle according to the second embodiment transmits
power-receiving request information to server 300. This
flowchart is obtained by changing step S24 of the flowchart
of FIG. 8 to a step S24A. The other steps (steps given the
same numerals as those of the steps in FIG. 8) have been
already described and therefore will not be described repeat-
edly here in detail.

The power-receiving requesting vehicle transmits, to
server 300, the power-receiving request information includ-
ing the automated driving flag in addition to the vehicle ID,
current location Pc, and requested power-receiving amount
Ereq of the power-receiving requesting vehicle (step S24A).

FIG. 15 is a flowchart showing an exemplary detailed
procedure of a matching process performed by server 300
according to the second embodiment. This flowchart is
obtained by changing step S111 of the flowchart of FIG. 9
to a step S111A. The other steps (steps given the same
numerals as those of the steps in FIG. 9) have been already
described and therefore will not be described repeatedly here
in detail.

After setting the candidate power-receiving vehicle
(S110), server 300 sets the candidate power-supplying
vehicle based on the power-receiving request information
received from the candidate power-receiving vehicle and the
respective pieces of the stored information of the plurality of
power-supplying permitted vehicles in storage 320 (step
S111A).

On this occasion, server 300 sets the candidate power-
supplying vehicle while making reference to the automated
driving flag of the candidate power-receiving vehicle and the
automated driving flag of the power-supplying permitted
vehicle.

For example, server 300 makes reference to the automated
driving flag included in the power-receiving request infor-
mation so as to determine whether or not the candidate
power-receiving vehicle is performing automated driving.
When the candidate power-receiving vehicle is not perform-
ing automated driving (i.e., when candidate power-receiving
vehicle is being driven by the user), server 300 makes
reference to the automated driving flags to extract a power-
supplying permitted vehicle that is performing automated
driving from the plurality of power-supplying permitted
vehicles stored in storage 320, and sets, as the candidate
power-supplying vehicle, the extracted power-supplying
permitted vehicle that is performing automated driving.
Accordingly, server 300 can match the power-receiving
vehicle not determined to be performing automated driving
in accordance with the automated driving flag, and the
power-supplying vehicle determined to be performing auto-
mated driving in accordance with the automated driving
flag. As a result, the candidate power-supplying vehicle that
is performing automated driving and that has a larger degree
of freedom in operation can be matched to the power-



US 11,051,145 B2

17

receiving requesting vehicle that is being driven by the user
and that has a smaller degree of freedom in operation.

As described above, in the second embodiment, each of
the plurality of power-receiving vehicles and each of the
plurality of power-supplying vehicles can transmit, to server
300, the automated driving flags, each of which indicates
whether or not automated driving is being performed. Server
300 includes, as the subject of the matching process, the
vehicle determined to be performing automated driving in
accordance with the automated driving flag. Accordingly,
server 300 can perform the matching process in consider-
ation of whether or not each vehicle is performing auto-
mated driving.

It should be noted that when the matched candidate
power-supplying vehicle is an automated-driving vehicle,
server 300 communicates with the candidate power-supply-
ing vehicle that is performing automated driving, so as to
control the candidate power-supplying vehicle that is per-
forming the automated driving to head for the gathering
location.

In this case, for example, when the candidate power-
supplying vehicle that is performing automated driving is on
its way to pick up a user, server 300 may make an inquiry,
as to whether to supply power, to a mobile terminal held by
the user of the candidate power-supplying vehicle that is
performing automated driving. When the supply of power is
approved, server 300 may control the automated driving of
the candidate power-supplying vehicle to head for the gath-
ering location before picking up the user.

Moreover, when the candidate power-supplying vehicle is
performing automated driving without the user onboard after
bringing the user to a destination, server 300 may control the
automated driving of the candidate power-supplying vehicle
to head for the gathering location unconditionally without
making an inquiry to the user.

Although the present disclosure has been described and
illustrated in detail, it is clearly understood that the same is
by way of illustration and example only and is not to be
taken by way of limitation, the scope of the present disclo-
sure being interpreted by the terms of the appended claims.

What is claimed is:

1. An information providing system comprising:

a server;

a plurality of power-supplying vehicles configured to
transmit respective pieces of first information to the
server, the respective pieces of first information indi-
cating respective current locations and respective pos-
sible power-supplying amounts of the plurality of
power-supplying vehicles; and

a plurality of power-receiving vehicles configured to
transmit respective pieces of second information to the
server, the respective pieces of second information
indicating respective current locations and respective
requested power-receiving amounts of the plurality of
power-receiving vehicles,

the server being configured to

perform a matching process for matching at least one of
the plurality of power-supplying vehicles and at least
one of the plurality of power-receiving vehicles using
the respective pieces of first information and the
respective pieces of second information and for deter-
mining a gathering location of the matched vehicles,
and

transmit information indicating the determined gathering
location to the matched vehicles,

set at least one of the plurality of power-supplying
vehicles as a candidate power-supplying vehicle, and
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set at least one of the plurality of power-receiving
vehicles as a candidate power-receiving vehicle,

set a candidate gathering location of the candidate power-

supplying vehicle and the candidate power-receiving
vehicle,

determine whether to match the candidate power-supply-

ing vehicle and the candidate power-receiving vehicle,
using

a value obtained by subtracting a power amount required

by the candidate power-supplying vehicle to move to
the candidate gathering location from a possible power-
supplying amount of the candidate power-supplying
vehicle, and

a value obtained by adding a power amount required by

the candidate power-receiving vehicle to move to the
candidate gathering location to a requested power-
receiving amount of the candidate power-receiving
vehicle.

2. The information providing system according to claim 1,
wherein in the matching process, the server is configured to

set the candidate gathering location of the candidate

power-supplying vehicle and the candidate power-re-
ceiving vehicle using a current location of the candidate
power-supplying vehicle, a current location of the
candidate power-receiving vehicle, and map informa-
tion.

3. The information providing system according to claim 1,
wherein

each of the plurality of power-supplying vehicles and the

plurality of power-receiving vehicles includes a power
storage device,

each power-supplying vehicle is configured to transmit, to

the server as the possible power-supplying amount, a
value obtained by subtracting a power amount required
to move from a current location of the power-supplying
vehicle to a target location from a stored power amount
of the power storage device of the power-supplying
vehicle, and

each power-receiving vehicle is configured to transmit, to

the server as the requested power-receiving amount, a
value obtained by subtracting a stored power amount of
the power storage device of the power-receiving
vehicle from a power amount required to move from a
current location of the power-receiving vehicle to a
target location.

4. The information providing system according to claim 1,
wherein

each of the plurality of power-supplying vehicles and the

plurality of power-receiving vehicles is configured to
transmit to the server an automated driving flag indi-
cating whether or not automated driving is being per-
formed, and

in the matching process, the server is configured to

include, as a subject of the matching process, a vehicle
determined to be performing automated driving in
accordance with a corresponding automated driving
flag.

5. The information providing system according to claim 4,
wherein in the matching process, the server is configured to
match a power-receiving vehicle not determined to be per-
forming automated driving in accordance with a correspond-
ing automated driving flag, and a power-supplying vehicle
determined to be performing automated driving in accor-
dance with a corresponding automated driving flag.

6. A server configured to communicate with a plurality of
power-supplying vehicles and a plurality of power-receiving
vehicles, the server comprising:
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a communicator configured to obtain respective pieces of
first information from the plurality of power-supplying
vehicles and obtain respective pieces of second infor-
mation from the plurality of power-receiving vehicles,
the respective pieces of first information indicating
respective current locations and respective possible
power-supplying amounts of the plurality of power-
supplying vehicles, the respective pieces of second
information indicating respective current locations and
respective requested power-receiving amounts of the
plurality of power-receiving vehicles; and

a controller connected to the communicator,

the controller being configured to

perform a matching process for matching at least one of
the plurality of power-supplying vehicles and at least
one of the plurality of power-receiving vehicles using
the respective pieces of first information and the
respective pieces of second information and for deter-
mining a gathering location of the matched vehicles,
and

transmit information indicating the determined gathering
location to the matched vehicles,

set at least one of the plurality of power-supplying
vehicles as a candidate power-supplying vehicle, and
set at least one of the plurality of power-receiving
vehicles as a candidate power-receiving vehicle,

set a candidate gathering location of the candidate power-
supplying vehicle and the candidate power-receiving
vehicle,

determine whether to match the candidate power-supply-
ing vehicle and the candidate power-receiving vehicle,
using

a value obtained by subtracting a power amount required
by the candidate power-supplying vehicle to move to
the candidate gathering location from a possible power-
supplying amount of the candidate power-supplying
vehicle, and

a value obtained by adding a power amount required by
the candidate power-receiving vehicle to move to the
candidate gathering location to a requested power-
receiving amount of the candidate power-receiving
vehicle.

7. An information providing method performed by an

information providing system including a plurality of

power-supplying vehicles, a plurality of power-receiving
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vehicles, and a server configured to communicate with the
plurality of power-supplying vehicles and the plurality of
power-receiving vehicles, the information providing method
comprising:
obtaining respective pieces of first information from the
plurality of power-supplying vehicles, the respective
pieces of first information indicating respective current
locations and respective possible power-supplying
amounts of the plurality of power-supplying vehicles;
obtaining respective pieces of second information from
the plurality of power-receiving vehicles, the respective
pieces of second information indicating respective cur-
rent locations and respective requested power-receiv-
ing amounts of the plurality of power-receiving
vehicles;
performing a matching process for matching at least one
of the plurality of power-supplying vehicles and at least
one of the plurality of power-receiving vehicles using
the respective pieces of first information and the
respective pieces of second information and for deter-
mining a gathering location of the matched vehicles;
and
transmitting information indicating the determined gath-
ering location to the matched vehicles,
setting at least one of the plurality of power-supplying
vehicles as a candidate power-supplying vehicle, and
set at least one of the plurality of power-receiving
vehicles as a candidate power-receiving vehicle,
setting a candidate gathering location of the candidate
power-supplying vehicle and the candidate power-re-
ceiving vehicle,
determining whether to match the candidate power-sup-
plying vehicle and the candidate power-receiving
vehicle, using
obtaining a value by subtracting a power amount required
by the candidate power-supplying vehicle to move to
the candidate gathering location from a possible power-
supplying amount of the candidate power-supplying
vehicle, and
obtaining a value by adding a power amount required by
the candidate power-receiving vehicle to move to the
candidate gathering location to a requested power-
receiving amount of the candidate power-receiving
vehicle.



